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IN THE U.S. PATENT AND TRADEMARK OFFICE 

Inventor Fritz WILHELM et al 

Patent App . Not known (US Nat'l phase of PCT/EP00/03474) 

Filed Concurrently herewith 

For PROCESS FOR REDUCING POLYTRIMETHYLENE 

TEREPHTHAIiATE ( PTT ) 

Art Unit Not known 

Hon. Commissioner of Patents 
Washington, DC 2 0231 

PRELIMINARY AMENDMENT 

Prior to examination of the above- identified application, 
please amend as follows: 



In the Claims : 

Claim 3, line 1, delete "any of claims 1 to 2", insert 
instead -- claim 1 - - , 

Claim 5, line 1, delete "any of claims 1 to 2", insert 
instead -- claim 1 --, 

Claim 6, line 1, delete "any of claims 1 to 5", insert 
instead -- claim 1 --, 

Claim 9, line 1, delete "any of claims 1 to 5", insert 
instead -- claim 1 

Claim 10, line 1, delete "any of claims 1 to 9", insert 
instead -- claim 1 --, 



jl o Cr o 



0" ;, 3 li. Oir 



- Atty' s 21986 



Pat. App. Not known - US phase of PCT/EPOO/03474 



Claim 12, line 1, delete "any of claims 1 to 11", insert 
instead -- claim 1 --, 

Claim 13, line 1, delete "any of claims 1 to 12", insert 
instead -- claim 1 --, 

Claim 14, line 1, delete "any of claims 1 to 13", insert 
instead -- claim 1 --, 

Claim 15, line 1, delete "any of claims 1 to 14", insert 
instead -- claim 1 --, 

Claim 16, line 1, delete "any of claims 1 to 15", insert 
instead -- claim 1 --, 

Claim 17, line 1, delete "any of claims 1 to 16", insert 
instead -- claim 1 

Claim 18, line 1, delete "any of claims 1 to 17", insert 
instead -- claim 1 --, 



This preliminary amendment is submitted just to reduce 
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claim charges. 
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Attorney for Applicant 
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Process of producing polytri methylene terephthalate (PTT) 
Description: 

This invention relates to a process of producing 
polytri methylene terephthalate (PTT) with an intrinsic 
viscosity of at least 0.75 dl/g by esterifi cation of 
terephthalic acid (TPA) with tri methylene glycol (TMG) in 
the presence of a catalytic titanium compound to obtain an 
esterifi cation product, precondensation of the 
esterifi cation product to obtain a precondensation product, 
and polycondensation of the precondensation product to 
obtain PTT. 

Processes of producing PTT are known (U.S. Patents nos. 
2,456,319; 4,611,049; 5,340,909; 5,459,229; 5,599,900). 

For instance, the U.S. Patent No. 4,611,049 describes the 
use of a protonic acid as co-catalyst for accelerating the 
polycondensation, where the addition of p- toluene sulfonic 
acid in a concentration of 50 mmol-% effects an increase of 
the maximum achievable intrinsic viscosity of 0.75 dl/g in 
a batch process catalyzed with 50 mmol-% tetrabutyl 
titanate to 0.90 dl/g. 

The U.S. Patent no. 5,340,909 proposes to achieve an 
improvement of the polycondensation capacity and the color 
of the polytri methylene terephthalate by using a tin 
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catalyst, which together with titanium can already be 
present in the esterifi cation. Statements on the influence 
of recirculation of the vapor condensates obtained during 
the polycondensation on the polycondensation capacity of 
the reaction melt cannot be found in the U.S. Patent No. 
5 , 340 , 909 . 

The U.S. Patent No. 5,459,229 proposes to reduce the 
concentration of acrolein in the vapors by adding alkalines 
to the condensates produced during the esterifi cation of 
tri methylene glycol and terephthalic acid. The U.S. Patent 
No. 5,459,229 does not contain any details concerning the 
esterifi cation and polycondensation. 

The U.S. Patent No. 5,599,900 describes a process of 
producing polytri methylene terephthalate, where in the 
presence of an inert stripping gas either after the 
transesterifi cation or after the esterifi cation a 
polytri methylene terephthalate with a degree of 
polymerization of 64 is synthesized. Moreover, it is 
desired to also adjust higher molecular weights but this is 
not proven by experiment. 

wo 97/23543A describes a process of producing 
polytri methylene terephthalate, where it is provided to 
first of all produce a preproduct with an intrinsic 
viscosity of 0.16 dl/g by means of transesterifi cation. 
This preproduct is converted to pastilles by means of 
dripping, which pastilles directly crystallize at 
crystallization temperatures up to 130 'C. The actual 
polymer is produced subsequently by solid-phase 
condensation, it is disadvantageous that a high amount of 
trimethylene glycol and oligomers gets into the process gas 
and must be recovered or burnt in an expensive way. 

The U.S. Patent No. 5,798,433 describes a process of 
producing PTT by direct esterifi cation of terephthalic acid 
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with 1,3-propanediol and subsequent precondensation and 
polycondensation. The PTT produced contains not more than 5 
ppm acrolein and 3 ppm ally! alcohol. It is obtained by 
esterifi cation in the presence of 30 to 200 ppm titanium in 
the form of an inorganic esterifi cation catalyst containing 
at least 50 mol-% Ti0 2 as a precipitate, blocking the 
esterifi cation catalyst after the esterifi cation by adding 
10 to 100 ppm phosphorus in the form of an oxygen 
containing phosphorus compound, and subsequent 
precondensation and polycondensation in the presence of 
100 to 300 ppm antimony in the form of a usual antimony 
polycondensation catalyst as well as optionally adding 
usual color agents. The quantity of the required catalyst 
is very high and causes severe disadvantages in the product 
quality especially with regard to the thermal product 
stabi 1 i ty . 

From U.S. Patent No. 4,011,202 the use of glycol jet pumps 
is known. However, the use of TMG-jets is not yet detailed. 

It is the object of the invention to create a melt phase 
process of producing PTT with an intrinsic viscosity 
between 0.75 and 1.15 dl/g and a good thermal stability, 
and to achieve at the same time an efficiently long service 
life of the filters when the polymer melt is filtered prior 
to processing the same to form the end products. The 
process may be a batch or continuous process. Additionally, 
the PTT process should also allow the recycling of TMG and 
oligomer by-products. 

The foregoing objects are achieved in accordance with the 
invention by a process as defined in the claims. 

The characteristic features of this process, which 
comprises the catalytic esterifi cation of TPA with TMG, 
precondensation of the esterifi cation product and 
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polycondensation of the precondensation product, are as 
f ol 1 ows : 

The esterifi cation is performed in at least 2 stages, 
one initial stage and at least one second, subsequent 
stage connected to a process column. 

The catalyst used for esterifi cation and 
polycondensation is a titanium compound in a stabilized 
liquid formulation, which is prepared from a catalytic 
titanium compound, an organic diacid and TMG as 
solvent, in such way that the liquid catalyst feed 
contains less than 5 wt-% titanium. 

The catalyst used for esterifi cation in the first, 
initial stage can be alternatively a Ti containing 
liquid reaction product from tpa and TMG with a degree 
of esterifi cation of at least 97%, which may be 
recycled from a later reaction stage and fed to the 
initial esterifi cation stage together with the raw 
materials. 

A defined quantity of the described liquid catalyst 
feed is introduced into the first, initial 
esterifi cation stage and separately a second defined 
quantity of the liquid catalyst feed is added to the 
at least one subsequent stage of esterifi cation. 

in the first, initial esterifi cation stage a total 
molar ratio of TMG / TPA of 1.15 to 2.5, an amount of 
titanium of 0 to 40 ppm, which is in maximum 35% of the 
total amount of catalyst, a temperature of 240 to 270°C 
and an absolute pressure of 1 to 3,5 bar are adjusted, 
whereby the reaction is continued until 90 to 95% of 
the TPA are esterifi ed. 
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in the at least one subsequent esterifi cation stage an 
additional amount of titanium of 35 to 110 ppm, which 
is 65 to 100% of the total amount of catalyst, a 
temperature of 245 to 260°C and an absolute pressure of 
0.7 to 1.2 bar are adjusted, whereby the reaction is 
continued until 97 to 99% of the TPA are esterifi ed. 

The precondensation is performed at a temperature of 
245 to 260°C under a reduced pressure in the range from 
2 to 200 mbar. 

The polycondensation is carried out in the melt phase 
at a temperature increasing from the entry to the exit 
of the polycondensation reactor from 252 to 267 °C and 
at an absolute pressure of 0.2 to 2.5 mbar. 

For generating the vacuum of the precondensation and 
polycondensation vapor-jet pumps are used, which are 
operated with TMG vapor, and the vapors sucked off and 
said TMG vapors are compressed by the vapor jet pumps 
and 

condensed by spraying them with a liquid which 
predominantly consists of TMG, for example the 
condensate from these spray condensers and optionally 
fresh make-up TMG. 

The feed amount of titanium in the first, initial 
esterifi cation stage preferably is in the range from 5 to 
25 ppm. 

As catalytic titanium compound to prepare the catalyst 
liquid there may preferably be used titanium tetrabutylate 
or titanium tetraisopropylate. As advantageous catalytic 
titanium compounds there may for instance also be used any 
catalytic titanium compound, such as titanium alkylates and 
their derivates, like tetra- (2 -ethyl hexyl)-titanate, 
tetrastearyl titanate, dii sop ropoxy-bis- (acetyl -acetonato)- 
ti tani urn , di -n-butoxy-bi s- (t ri ethanol ami nato) -ti tani urn , 
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tri butyl monoacetyl ti tanate , triisopropyl 
monoacetyl ti tanate or tetrabenzoic acid ti tanate, titanium 
complex salts, like alkali titanium oxalates and malonates, 
potassium hexafl uoroti tanate, or titanium complexes with 
hydroxycarboxylic acids such as tartaric acid, citric acid 
or lactic acid. Also special catalysts as titanium dioxide 
- silicon dioxide - co-precipitate or hydrated alkaline 
containing titanium dioxide can be used. 

The solvent which is used in the liquid catalyst feed is 
tmg, in which for stabilization reasons a C 4 to 
dicarboxylic acid is dissolved in quantities below its 
saturation concentration at ambient temperature. A further 
embodiment consists in that in TMG C 2 to monocarbolic 
acid is dissolved below ist seturation concentration 

The organic di-acid which is preferably used for the liquid 
catalyst feed is selected from terephthalic acid, 
isophthalic acid or another C 4 -C u aromatic or aliphatic 
dicarboxylic acid. Preferably the C 4 to dicarboxylic 
acid is incorporated in the PTT and does not act as chain 
stopper. 

As further embodiment of the invention the catalyst liquid 
can be a Ti containing liquid reaction product from TPA and 
TMG with a degree of esterifi cation of at least 97%. This 
product is recycled from a later reactor stage and mixed to 
the first, initial esterifi cation process together with the 
raw materials, in the continuous process the recycled 
product amounts to 5 to 40 wt-%, more preferably to 10 to 
30 wt-% of the nominal throughput, in the case of the batch 
process the amount of recycled product lies between 25 and 
85 wt-%, preferably between 35 and 70 wt-% of the nominal 
batch size. This option of the invention is including 
reaction products which may be withdrawn at any point 
between the exit from the second stage of esterifi cation 
and the entry in the polycondensation, and which are used 
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as liquid catalyst feed for the first initial 
esterifi cation stage. 

The second portion of the catayst may be fed after the 
esterifi cation step. 

An important aspect of the invention consists in that in 
the initial stage of esterifi cat ion a specific combination 
of parameters is used. The described special catalyst 
liquid is well proven at temperatures within the range of 
245 to 260 °C, an elevated molar feed ratio of tmg to TPA 
between 1,5 and 2,4 and a pressure of 1 to 3,5 bar. At this 
conditions only a minor formation of non-filterable 
particles occurs independently wether del uste ring agents, 
like Ti0 2f or other additives are used. This is 
particularly necessary in the production of fibers. 

in accordance with a further preferred aspect of the 
invention, the first initial stage of esterifi cation is 
conducted to a TPA conversion of 90 to 95%, and the at 
least second stage of esterifi cation rises the TPA 
conversion to 97 up to 99%. Latest in the second stage of 
esterifi cation it has be assured that the last particles of 
solid TPA from 

the paste are completely dissolved and the melt is clear 
and bright. 

The catalyst liquid introduced into the second or further 
stages of esterifi cation is preferably a clear solution. 
These above mentioned conditions enable low filter values 
of the PTT. 

The process can be a continuous or a batch process, in the 
discontinuous process the initial process cycle with a 
transiently heterogeneous reaction mixture and a limited 
TPA-conversion of below 95% is considered as the first, 
initial stage of esterifi cation , while the later reaction 
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cycle in a homogeneous melt phase at a TPA-conversion of at 
least 97% represents the at least one subsequent 
esterifi cation stage. Accordingly the second part of the 
liquid catalyst feed is added when the TPA has been 
esterifi ed to at least 95%, 
preferably to more than 97%. 

The precondensation, especially in the continuous process, 
is favourably split into two pressure sections to provide 
an optimum condensation progress. The first stage of 
precondensation is performed between 50 and 150 mbar, the 
second stage between 2 and 10 mbar. 

It is particularly advantageous when the polycondensation 
of the prepolymer melt is performed at a pressure of 0.3 to 
0.8 mbar. Preferably the polycondensation reactor is a disc 
ring reactor or a cage type reactor, which allows the 
formation of steadily renewed, large film surfaces of the 
reaction product and facilitates by this the evaporation of 
the split products. Under these conditions, increased 
intrinsic viscosities in the range from 0.75 to 1.15 dl/g 
are possible. 

It was surprisingly found out that in accordance with the 
inventive process very advantageous filter values of 0 to 
40 bar«cm 2 /kg can be realized (determination of filter 
value see below). 

in accordance with a further object of the invention it is 
provided that the condensates of the spray condensers, 
optionally after the distillation of low boilers, are 
recirculated into the first initial and possibly further 
stages of esterifi cation, in this way, a substantial 
reduction of the losses in raw materials is achieved. 

In accordance with a further preferred embodiment of the 
invention it is provided that the PTT contains up to 20 wt- 
% comonomer units derived from other dicarboxylic acids 
and/or diols. As other dicarboxylic acid there may for 
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instance be used adipic acid, isophthalic acid or 
naphthalene dicarboxylic acid. As diols there may for 
instance be used ethylene glycol, di ethylene glycol, 
tri ethylene glycol, butyl ene glycol, polyglycols as well as 
cyclohexane di methanol . in this way, the end product can be 
adapted to the respective application relatively easily. 

A further embodiment of the invention consists in that at 
any point before the end of the polycondensation in the 
melt phase usual additives such as delustering agents 
and/or color agents and/or branching agents and/or 
stabilizers can be added. By means of this measure, the 
number of the applications of the end product will be 
increased in connection with a particular viscosity 
adjustment. 

In accordance with the invention, a polyester-soluble 
cobalt compound, for instance cobalt acetate and/ or 
polyester soluble organic dyes can be used as color agent 
or blue toner. As stabilizer a phosphorus compound is added 
with up to 20 ppm phosphorus, based on PTT, in connection 
with the cobalt compound and up to 10 ppm phosphorus 
without any addition of cobalt. By this amounts of 
phosphorus the catalysis of the thermal degradation of the 
PTT melt by ions of heavy metals including of the cobalt 
is stopped because of the formation of neutral phosphorus 
salts, in special cases the addition of phosphorus may be 
omitted completely; this depends on the quality of the raw 
materials, the construction materials of the equipment as 
well as on the final product application. 

A further aspect of the invention consists in that 
optionally carboxylic acids with three or more COOH groups, 
pol yf uncti onal acid anhydrides, or polyfunctional alcohols 
with three or more OH groups, or carboxyphosphonic acids or 
the esters thereof in concentrations below 5000 ppm are 
used as branching agents. For pol ycarboxyl i c acids and 



WO 00/64962 



10 



PCT/EP00/03474 



polyalcohols in most cases concentrations below 1000 ppm 
are sufficient. These compounds can particularly be used 
for adjusting or raising the intrinsic viscosity 
simultaneously. 

The PTT can be directly processed to fibers, films or other 
molded materials, in accordance with a further embodiment 
of the invention it is provided that after the 
polycondensation in the melt phase the PTT is granulated 
and crystallized. 

The resulting granulate can also be thermally treated in 

the solid state for further IV build up or for 

devol ati 1 i zi ng low molecular organic products such as 

acrolein, allyl alcohol and water. The PTT granulate can 

then be processed to fibers, filaments, films or molded 

articles. 

The processed products, i.e. fibers, filaments, films, 
molded articles or chips, are characterized by an IV of 0.8 
to 

1.1 dl/g, a filterablity of < 40 bar»cm 2 /kg and a thermal 
stability (as defined below) of > 80%. 

The subject-matter of the invention will be explained in 
detail with reference to the following examples. 

in all examples, the intrinsic viscosities Civ) were 
determined with a solution of 0.5 g polyester in 100 ml of 
a mixture of phenol and 1,2-dichlorobenzene (3:2 parts by 
weight) at 25 °C. 

The COOH terminal group concentration was determined by 
photometric titration with 0.05 n ethanolic potassium 
hydroxide solution against bromothymol blue of a solution 
of polyester in a mixture of o-cresol and chloroform (70 : 
30 parts by wei ght) . 
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The measurement of the polymer color values was made on 
crystallized polyester granules (crystallization at 
150±5°C/1 h) in a tristimulus colorimeter containing three 
photoelectric cells with a red, green or blue filter. The 
5 color values were calculated from the parameters x, Y and Z 
according to cielab. 

The filtration behavior of the product melts was determined 
as follows: ptt dried for 13 h at 130 °C and a reduced 

10 pressure of < 1 mbar was molten in a laboratory extruder 

and metered through a disc filter with a mesh size of 15 urn 
and a filter area of 2.83 cm 2 by means of a gear pump at a 
temperature of 260 e C. The increase in pressure before the 
filter was recorded in relation to the amount of melt 

15 conveyed and the filterability is calculated as filter 
value (fv): 

FV = filter pressure [bar] -filter area [cm 2 ] /amount of 
melt [kg] , 

20 The thermal stability CTS) of the PTT melt was determined 
by measuring the intrinsic viscosity of the ptt chips 
dried for 13 h at 130 °C and a reduced pressure of < 1 mbar 
as iv 0 before and as IV T after tempering of the dried chips 
over one hour at a reference temperature of 255 °C in a 

25 closed tube under nitrogen. 
TS [%] = 100 • IV T / IV 0 

The stated concentrations of the catalysts and additives 
used in the following examples are defined as parts per 
30 million Cppm) referring to the TPA feed. 

The catalyst solutions used in the examples according to 
the invention were prepared as follows: 



35 Catalyst preparation A: 

(TPA-stabilized TMG solution) 
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Because of the hygroscopic properties of TMG, the catalyst 
solutions were preferably prepared and stored under 
nitrogen atmosphere. 

5 

TMG was preheated to 80°C. 50 mg tpa per kg TMG were added 
while stirring, and stirring was continued until a clear 
solution was obtained after 20 minutes- The tmg/TPA 
solution was cooled to about 30 °c. 

10 

The titanium tetrabutylate was metered with a dropping 
funnel to the cold, clear acidified tmg solution while 
stirring. There was thus produced a solution of 2% titanium 
tetrabutylate in acidified tmg, which was used in this 
15 form. When the first drops of titanium tetrabutylate were 
added, the tmg solution turned light yellow. Remarkably, 
this color did not change anymore during the further 
addition of titanium tetrabutylate. 



catalyst preparation B: 
(iPA-stabilized tmg solution) 

25 The TMG was preheated to about 60 °C. Then a clear solution 
of 500 mg ipa per kg TMG was produced by stirring. This 
concentrated solution was cooled to about 30° C. Before 
adding the titanium tetrabutylate the cooled solution was 
diluted with fresh TMG in a ratio of 1:4. Thus, the 

30 concentration of I PA in the finished solution was 100 mg 
IPA per kg TMG. 

The addition of the titanium tetrabutylate to the tmg/ ipa 
solution was performed in the same way as for preparation 
A. 



The invention is illustrated in the following examples. 
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The results of the examples are summarized together with 
the fed concentrations of catalyst and additives in the 
table, examples 1, 2 and 4 are comparative examples. 

Example 1-3 (Batch process) 

in this batchwise production of ptt a part of prepolymer 
from a preceding, prepolymer batch in a quantity of about 
42 wt-% of the nominal batch size was kept back in the 
esterifi cation reactor for the next reaction cycle for 
stirring the esterifi cation product and for feeding and 
heating the raw materials TMG and tpa as a paste including 
the esterifi cation catalyst and optionally cobalt acetate 
as color agent. The molar TMG to tpa feed ratio of the 
paste is listed in the table. 

The quantity of TPA fed into the esterifi cation reactor was 
180 kg. The feeding time was 130 minutes. The total cycle 
time of esterifi cation in example 1-2 was 160 minutes at a 
temperature of 265°C and a pressure of 1000 mbar Cabs.). A 
column disposed subsequent to the esterifi cation reactor 
was used for separating the low-boiling compounds, mainly 
process water, from the tri methylene glycol in the vapors 
from the esterifi cation, and for the recirculation of the 
distilled TMG to the process all the time of 
esterifi cation. The precondensation was carried out in 30 
minutes at a simultaneous pressure reduction to 50 mbar 
Cabs.). Thereafter, the prepolymer melt was transferred to 
a disc ring reactor, and the polycondensation was started 
by agitating defined by a standard program of speed control 
an and further reducing the pressure within 45 minutes to 
0.5 mbar as final pressure. The polycondensation 
temperature in example 1-2 increased from 260 to 268°C. The 
total duration of polycondensation indicated in the table 
corresponded to the maximum viscosity of the polymer 
possible under the selected conditions, i.e. if the 
polycondensation was further continued, the intrinsic 
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viscosity of the polymer decreased again due to the 
predominance of the thermal degradation reactions. Upon 
reaching the viscosity maximum, the polycondensation was 
stopped. At an applied pressure of 55 to 60 bar the polymer 
5 melt was discharged from the reactor and granulated. 

special feed conditions within example 1 Ccomparati ve) 

in example 1, titanium dioxide/silicon dioxide co- 
10 precipitate containing 80 mole-% Ti0 2 with 50 ppm Ti was 
fed to the paste as esterifi cation catalyst. In addition, 
cobalt acetate with 40 ppm Co was added to the paste. 
Before starting of the precondensation, phosphoric acid 
with 40 ppm P was added to the melt and after further 2 
15 minutes antimony triacetate with 250 ppm Sb was added as 
polycondensation catalyst. 

Special feed conditions within example 2 (comparative) 

20 in example 2, titanium tetrabutylate with 75 ppm Ti was fed 
to the paste as esterifi cation catalyst. Before start of 
the precondensation reaction in the esterifi cation reactor, 
antimony triacetate with 200 ppm Sb was added as 
polycondensation catalyst. 

25 

Selected process conditions and quality values of the 
polytri methylene tereph thai ate obtained are listed in the 
following table. In the comparative process very high 
amounts of catalyst up to 300 ppm were required, in the 
30 following inventive examples 80 ppm Ti were sufficient at 
comparable process times. The process results of the 
Comparative examples show a deficit with regard to the 
possible IV- build-up, the thermostability and the 
filter ability. 

35 

Special conditions within example 3 (inve ntive") 
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According to example 3, TMG and commercially available tpa 
in a molar ratio of 1.3 were continuously fed into a paste 
mixer; additionally 15 ppm titanium were added via a 
catalyst liquid of titanium tetrabutyl ate in TMG containing 
TPA according to catalyst preparation A. The resulting 
paste was fed into the esterifi cation reactor over 130 
minutes and reacted batchwise (similar to example 1 and 2). 
The reaction was performed at an increased pressure of 2000 
mbar and at a temperature of 255 °C during a cycle time of 
160 minutes. The column of the esterifi cation was operated 
at a molar recycling ratio of tmg to tpa of 0.1 to 0.9, 
which ratio passed through a maximum during the 
esterifi cation time. The average total molar feed ratio of 
TMG to tpa in the esterifi cation reactor was about 1.8. 

For completion of the esteri fi cation , the reactor pressure 
was reduced to 1000 mbar within 15 minutes and the 
esterifi cation was continued in the later stage while 
stirring at 1000 mbar for 30 minutes. At 5 minutes before 
starting the vacuum program 65 ppm titanium were added to 
the esterifi cation product as polycondensation catalyst via 
the catalyst liquid of preparation A at steady stirring of 
the product mixture. The subsequent precondensation was 
carried out during 30 minutes at a temperature of 255 "C 
and a simultaneous reduction of the pressure to 100 mbar. 
Subsequently, the melt was transferred to a disc ring 
reactor, where it was polycondensated at an increasing 
temperature of 251 - 262 °C at a dwell time of 165 minutes 
and a final pressure of 0.5 mbar. Thereafter the melt was 
discharged and granulated to ptt chips. 

This example clearly illustrates according to the table 
that under batch conditions, when using the conditions 
described in the present invention, a stable PTT with an IV 
of 1.1 dl/g and a filter value of 27 bar-cm 2 /kg can be 
produced. The relatively low concentration of carboxyl 
endgroups in the PTT indicated that no remarkable polymer 
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degradation during discharge of the PTT occurred. The 
thermal stability of the PTT enabled a problem-free 
extrusion and spinning or molding to obtain high quality 
PTT products. 

Example 4 to 8 (continuous process') 
Example 4 (comparative) 

TMG and commercially available TPA in a molar ratio of 
1.16 were continuously fed to a paste mixer, and a paste 
was produced. The catalyst concentration in the paste was 
15 ppm titanium. As catalyst titanium tetrabutylate was 
used as a 

10% mixture with TMG. The paste was continuously fed into 
the initial esterifi cation reactor and reacted at a 
pressure of 1000 mbar and a temperature of 255 °C for a mean 
dwell time of 172 minutes under stirring and steady TMG 
reflux from the esterifi cation column. Into the transfer 
line to a subsequent stirred esterifi cation stage, a second 
portion of the catalyst C10% titanium tetrabutylate in TMG) 
with 65 ppm Ti was added, and the product was further 
esterified in the subsequent esterifi cation stage at a 
pressure of 1000 mbar, a temperature of 255 °C with a mean 
dwell time of 60 minutes. The 

esterifi cation product was transferred into a third 
reaction stage also equipped with a stirrer for 
precondensation at 100 mbar and 255 °C within 30 minutes. 

Likewise the precondensation was completed in a further 
stage at 7 mbar, 257°C within 35 minutes. The 
precondensate , showing an IV of 0.26 dl/g was transferred 
to a disc ring reactor by means of a gear-type metering 
pump for the final polycondensation at a vacuum of 0.5 
mbar, a mean dwell ti 

me of 150 minutes, an increasing temperature profile of 
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258-264°C and an agitator speed of 5.5 rpm. From the disc 
ring reactor, the melt was discharged and granulated. 

The PTT thus produced had an intrinsic viscosity of 0.92 
5 dl/g and a filter value of 143 bar»cm 2 /kg. The higher 

concentration of carboxyl endgroups in the PTT indicated 
another, from the invention different polymer formation, 
whereas the thermal properties of the products were 
similar. Polymers with such high filter values entail to a 
10 short service life of the filter in the spinning process, 
and are not suitable for the production of fibers and 
f i 1 aments . 

Example 5 

15 

in example 5, the conditions for the production of ptt 
corresponded to example 4 with following exceptions. The 
molar ratio TMG:TPA in the paste was risen to 1.3; the 
catalyst concentration in the paste was 15 ppm titanium, as 

20 catalyst liquid the catalyst preparation B was used. The 
paste was continuously fed into the first initial 
esterifi cation reactor and reacted while stirring at a 
pressure of 2000 mbar and a temperature of 255 °C for a mean 
dwell time of 172 minutes. The molar reflux from the column 

25 of the esterifi cation amounted to 0.8 moles tmg per tpa; by 
this a total molar ratio of TMG to TPA of 2.1 was present. 
After the continuous transfer to a second subsequent 
esterifi cation stage, a further amount of catalyst of 65 
ppm Ti was added into the mixed esterifi cation product in 

30 form of the catalyst preparation B. The esterifi cation in 
the second stage, the precondensation and the 
pol ycondensati on were performed at conditions identical to 
those in example 4. 

35 The PTT thus produced had an intrinsic viscosity of 0.93 
dl/g and a filter value of 5 bar«cm 2 /kg. The good filter 
value of the intermediate prepolymer sample of 8 
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bar»cm 2 /kg, already indicated a good fil terabil i ty of the 
melt, in the ptt production process and in the production 
of fibers and filaments this offers great economic 
advantages due to a long service life of the filter. 

5 

Example 6 

Similar to example 5, tmg and TPA were continuously fed 
into the paste mixer in a molar ratio of 1.25. Thereby 70 
10 wt-% of the TMG used consisted of recycled tmg collected 
from the vapor condensers of different stages. The 
concentration of solids (a mixture of ptt oligomers) in the 
recycled tmg was 

2.5 wt-%. in addition, 15 ppm titanium as catalyst 
15 solution, preparation B, and 20 ppm Co as cobalt acetate 
were added to the raw material paste, and the paste was 
pumped to the initial esterifi cation stage. The total 
molar TMG to tpa feed ratio including the TMG- reflux from 
the column was 1.9. All other process conditions in 
20 esterifi cation, precondensation and polycondensation were 

selected in accordance with example 4. According to example 
5, additional 65 ppm Ti were added into the mixed 
esterifi cation product of the subsequent second 
esterifi cation stage. As catalyst liquid feed was used 
25 preparation B. Additionally 20 ppm P Cas solution of 

phosphoric acid in TMG) were dosed into the transfer line 
of the esterifi cation product to the first precondensation 
stage . 

30 The granulated PTT had a viscosity of 0.918 dl/g and a 
filter value of 7 bar»cm 2 /kg. 

Example 7: 

35 Example 7 was performed in a similar way as example 6, and 
for the production of paste there was likewise used 
recycled TMG. The molar ratio TMG to TPA was 1.25. 46 wt-% 
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of the tmg present in the feed paste were recycled TMG with 
a content of oligomeric solids of 2.2 wt-%. Different to 
example 6, 10 ppm Co as cobalt acetate and 5 ppm P as 
phosphoric acid were added to the paste. The catalyst feed 
into the paste was 15 ppm Ti as catalyst liquid preparation 
A. The polycondensation catalyst was added in an amount of 
65 ppm Ti , as catalyst 

liquid preparation A to the melt of the subsequent second 
esterifi cation stage. The other process conditions were as 
f ol 1 owi ng : 



Total tmg/tpa - mol ratio= 1.9 



1 st Esterifi cation stage: 249 °C 2000 mbar 230 min 

2 nd Esterifi cation stage: 248 °C 1000 mbar 30 min 

1 st Prepolycond. stage: 247 "C 80 mbar 37 min 

2 nd Prepolycond. stage: 247 °C 8 mbar 41 min 

Polycondensation stage: 247-260 °C 0.3 mbar 220 min 



Under these process conditions a ptt was obtained with an 
IV of 0.93 dl/g, a high thermal stability and a good 
filterabi lity. 



Example 8 

(Continuous process with recirculation of the melt from 
esterifi cation 2 to esterifi cation 1) 



TMG and TPA were continuously fed into the paste mixer in 
a molar ratio of 1.25. Thereby, 58 wt-% of the TMG used con 
sisted of recycled TMG with 2 wt-% of oligomeric solids. 
After achieving stationary flow conditions the tmg/tpa feed 
paste without any catalyst was transferred to the first, 
initial stirred esterifi cation stage. At the same time a 
separate partial recycling stream of 19 wt-% of the product 
from the subsequent second esterifi cation stage to the 
first initial stage containing the catalyst as a diluted 
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solution in a prereacted homogenous product mixture with an 
increased degree of esterifi cation of about 97,5%. 

The actual catalyst addition to the second esterifi cation 
5 stage was carried out with 80 ppm Ti (based on PTT) as 
liquid catalyst preparation B. as a consequence of the 
partial product recycling from the second subsequent 
esterifi cation stage into the initial esterifi cation stage 
the relative throughput per 100 wt-% product was in both 

10 esterifi cation stages increased to 119 wt-% and the average 
residence times were decreased to 135 and 48 minutes. The 
total molar TMG to tpa feed ratio to the esterifi cation was 
2.0. Further conditions were: 
1 st esterifi cation stage: 255 °c 1800 mbar 

15 2 nd esterifi cation stage: 255 °C 1000 mbar. 

The process conditions in the precondensation and 
polycondensation were the same as in example 4. The final 
PTT product showed an IV of 0.913 dl/g, a good thermal 
20 stability, and a good filterability , in accordance with the 
invention. 
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Cl aims: 

1. A process of producing polytri methylene terephthalate 
(PTT) with an intrinsic viscosity of at "least 0.75 dl/g by 
5 esterifi cation of terephthalic acid (TPA) with tri- 

methylene glycol (TMG) in the presence of a catalytic 
titanium compound to obtain an esterifi cation product, 
precondensation of the esteri fi cation product to obtain a 
precondensation product and polycondensation of the 
10 precondensation product to obtain ptt, characterized in 
that 

a) the esterifi cation is performed in at least two stages, 
a first, initial stage and at least one second, subsequent 

15 stage connected to a process column, 

b) a liquid catalyst feed is prepared on base of TMG 
having a concentration of less than 5 wt-% titanium in the 
form of a titanium compound stabilized by a bi functional 

20 organic acid, 

c) a major quantity between 65 and 100% of said liquid 
catalyst feed containing 35 to 110 ppm titanium, is 
introduced into the at least one subsequent esterifi 

25 cation stage, operated at a temperature of 245 to 260° C, 
and a pressure of 0.7 to 1.2 bar, 

d) a minor quantity of said liquid catalyst feed 
containing 0 to 40 ppm titanium and equal in maximum to 35% 

30 of the total catalyst is directly fed to the initial 
esterifi cation stage usually together with the raw 
materials, which direct catalyst feed can be partially or 
completely sub stituted by the same quantity of catalyst in 
a reaction product, which may be recycled from any further 

35 reaction stages and which is mixed to the raw materials for 
further reaction in said initial esterifi cation stage in 
connection with a total molar TMG to TPA feed ratio of 1.15 
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to 2.5, a temperature of 240 to 270 °C and a pressure 
of 1 - 3.5 bar, 

e) the precondensation is performed at a temperature of 
5 245 to 260°C under a reduced pressure between 2 and 200 

mbar , 

f) the polycondensation is carried out in the melt phase 
at a pressure of 0.2 to 2.5 mbar, a temperature of 252 to 

10 267 °c, basically increasing from the entry to the exit of 

the polycondensation reactor during agitation and formation 
of steadily renewed, large film surfaces of the re action 
product for evaporation of the split products, and 

15 g) for generating the vacuum to perform the 

precondensation and polycondensation vapor-jet pumps are 
used to remove the released TMG and ptt oligomers and low 
boilers from the gas phase of the reactors, and the vapor- 
jet pumps are operated with TMG vapor, and the vapors 

20 sucked off and compressed by the vapor- jet pumps and said 
TMG vapors are condensed by spraying them with a liquid 
which predominantly consists of TMG. 

2. a process as claimed in claim 1, characterized in that 
25 said titanium compound is a titanium alkylate, like 

titanium tetrabutylate, titanium tetraisopropylate or 
tetra-C2-ethylhexyl)-titanate, or a titanium dioxide - 
silicon dioxide - co-precipitate or a hydrated sodium 
containing titanium dioxide or a titanium salt of organic 
30 acids or a titanium complex with hydroxycarboxylic acids. 

3. A process as claimed in any of claims 1 to 2, characte 
rized in that said liquid catalyst feed contains tri- 
methylene glycol, in which a C 4 to dicarboxylic acid is 

35 dissolved below its saturation concentration. 
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4. The process as claimed in claim 3, characterized in 
that terephthalic acid or isophthalic acid is used as C 4 to 
C u dicarboxylic acid. 

5 5. The process as claimed in any of claims 1 to 2 

characterized in that said liquid catalyst feed contains 
tri -methyl enegl ycol , in which a C 2 to c 12 monocarbolic acid 
is dissolved below ist saturation concentration. 

10 6. A process as claimed in any of claims 1 to 5, charac- 
terized in that the process is a continuous process. 

7. A process as claimed in claim 6, characterized in that 
a part of the reaction product is withdrawn at any point 
15 between the exit of the subsequent stage of esterifi cation 
and the entry to the polycondensation and mixed to the raw 
materials by recycling said reaction product to the first, 
initial esterifi cation stage. 

20 8. A process as claimed in claim 7, characterized in that 
said reaction product recycled to the initial 
esterifi cation stage lies in the range of 5 to 40 wt-% of 
the nominal throughput. 

25 9. A process as claimed in any of claims 1 to 5, 

characterized in that the process is a discontinuous 
process, and the initial process cycle with a transiently 
heterogeneous reaction mixture and a limited TPA-conversion 
of below 95% represents said 'initial stage' and the later 

30 reaction cycle in a homogeneous melt phase with a tpa 
conversion of at least 97% represents said 'subsequent 
stage' of the esterifi cation process, to which the major 
part of the catalyst is fed, and a portion of the reaction 
product kept back at the end of the precondensation is used 

35 for the next discontinuous process in step d as catalyst 
containing reaction product. 
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10. A process as claimed in any of claims 1 to 9 
characterized in that the second portion of the catalyst is 
fed after the esterifi cation step. 

5 11. A Process as claimed in claim 9, characterized in that 
said catalyst containing reaction product recycled to the 
initial esterifi cation stage lies in a range of 25 to 85 
wt-% of the nominal batch size. 

10 12. A process as claimed in any of claims 1 to 11, 
characterized in that the first, initial stage of 
esterifi cation is conducted to a degree of esterifi cation 
of 90 to 95%, and the subsequent stage of esterifi cation is 
conducted to a degree of esterifi cation of 97 to 99%. 

15 

13. A process as claimed in any of claims 1 to 12, 
characterized in that the condensed vapors from step g are 
recirculated to the initial and possibly further subsequent 
stages of the esterifi cat ion, optionally after removing of 

20 the low boilers from TMG by distillation. 

14. A process as claimed in any of claims 1 to 13, 
characterized in that the PTT contains up to 20 wt-% 
comonomer units derived from other dicarboxylic acids 

25 and/or diols. 

15. A process as claimed in any of claims 1 to 14, 
characterized in that at any point before the end of the 
polycondensation in the melt phase usual additives such as 

30 del uste ring agents and/or color agents and/or branching 
agents and/or stabilizers are added. 

16. A Process as claimed in any of claims 1 to 15, 
characterized in that said polycondensation reactor is a 

35 discring reactor or a cage type reactor. 
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17. A process as claimed in any of claims 1 to 16, 
characterized in that the PTT is after the polycondensation 
in the melt phase granulated to chips, and the chips are 

5 dried, crystallized and treated thermally in the solid 
phase. 

18. A process as claimed in any of claims 1 to 17, 
characterized in that the PTT is processed to products, 

10 like fibers or filaments or films or molded articles or 
chi ps . 

19. A process as claimed in claims 18, characterized in 
that the processed products have an IV of 0.8 to 1.1 dl/g, 

15 a filterability of < 40 bar«cm 2 /kg and a thermal stability 
(as defined before) of > 80%. 
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